Optimal positioning for anaesthesia in pregnant women involves balancing the need for ideal tracheal intubation conditions (achieved by the head elevated ramped position), with the prevention of reduced cardiac output from aortocaval compression (achieved by left lateral pelvic tilt). No studies have examined the effect on cardiac output of left lateral pelvic tilt in the ramped position. We studied non-labouring, non-anaesthetised healthy term pregnant women who underwent baseline (left lateral decubitus) cardiac assessment using transthoracic echocardiography. We then compared cardiac output, maternal physiological variables, fetal heart rate and comfort scores in three positions: left lateral decubitus; ramped position with wedge; and ramped position alone. Thirty women completed the study. Mean (SD) age, gestation and body mass index were 33.5 (3.93) years, 38.5 (0.94) weeks and 29.0 (4.0) kg.m À2 , respectively. Mean ejection fraction, left ventricular internal diameter and mitral valve E/e' were 55.2 (6.8) %, 4.70 (0.43) cm and 7.50 (1.82), respectively. There were no differences in cardiac output between the positions (p = 0.503). There were no differences in systolic (p = 0.955) or diastolic (p = 0.987) blood pressure, maternal heart rate (p = 0.133), oxygen saturation, respiratory rate (p = 0.964) or fetal heart rate (p = 0.361) between ramped with wedge and ramped alone positions. Left lateral decubitus was most comfortable (p = 0.001), however, there were no differences in comfort levels between ramped with wedge and ramped alone positions. The ramped position without left lateral tilt is safe and acceptable in non-labouring, non-anaesthetised, healthy term pregnant women. Left lateral pelvic tilt may be unnecessary in the head elevated ramped position in term pregnant women.
Introduction
Failed tracheal intubation and ventilation are important causes of anaesthesia-related maternal morbidity and mortality with an incidence of 1 in 300 women [1] . Optimal positioning is essential to ensure an adequate view at laryngoscopy and to minimise the risk of airway trauma or difficult or failed tracheal intubation [2] . The ramped position elevates the person's upper body and head until their external auditory meatus and the sternal notch are in the same horizontal plane. This position provides a superior view at laryngoscopy, especially in obese adults, and has become routine in many centres for obese non-pregnant adults undergoing surgery [3] . The ramped position has been recommended in pregnant women undergoing caesarean section as it also improves airway positioning for bag-mask ventilation, increases functional residual capacity and reduces reflux symptoms [3, 4] . Along with this position, left lateral tilt is recommended as a means of reducing aortocaval compression, thereby preserving venous return and cardiac output. anatomical distortion to compound an already difficult obstetric airway, and may make the angle for correct cricoid pressure more difficult to judge [6] . Surgical access may be more difficult and compression neuropathy related to wedge placement during caesarean section has been described [7] . All these issues are exacerbated in overweight, obese and morbidly obese pregnant women who are placed in the left lateral tilt position, with the added issue of potentially dangerous tilting on a relatively narrow operating table [8] .
Evidence supporting left lateral pelvic tilt to optimise haemodynamics in pregnant women who are in the ramped position is limited [9] . There are no studies examining whether its addition provides a reduction in aortocaval compression compared with the ramped position alone.
Left lateral pelvic tilt may be unnecessary with this optimal ramping in pregnant women. If this is the case, then airway management and surgical access may be safer and maternal comfort levels may be improved.
Our primary hypothesis was that there was no significant difference in maternal cardiac output with the ramped position combined with left lateral pelvic tilt compared with the ramped position alone, in healthy term pregnant women. Our secondary hypotheses were as follows: that there were no significant changes in maternal physiological variables of systolic or diastolic blood pressure, maternal heart rate, oxygen saturation and respiratory rate; no increase in the incidence of maternal self-reported symptoms of nausea, dyspnoea or dizziness;
and no changes in fetal heart rate, in the ramped position combined with left lateral tilt compared with the ramped position alone.
We aimed to measure cardiac output using transthoracic echocardiography, maternal physiological variables, fetal heart rate and maternal comfort scores, in three positions: left lateral decubitus; ramped with wedge to achieve left lateral tilt; and ramped position alone, in term pregnant women.
Methods
We conducted a prospective observational study in which 30 healthy term pregnant women (≥ 37 weeks gestation) with a singleton pregnancy were recruited from a single tertiary referral obstetric hospital, after gaining institutional ethics approval and written consent. Exclusion criteria were women in labour, or any contraindication to blood pressure measurement on the arm.
All participants rested in the left lateral decubitus position on a comfortable bed in a quiet, temperaturecontrolled environment for a minimum of 5 min before the measurements. Blood pressures were obtained noninvasively using an automated oscillometric blood pressure monitor [10] . An investigator measured heart rate, respiratory rate and oxygen saturation, using pulse oximetry, as well as fetal heart rate. Electrocardiography leads were attached to the women. Baseline transthoracic echocardiography measurements were made by a single trained observer using a GE Vivid E9 echocardiography machine with a 7. measurements of left arm blood pressure, heart rate by electrocardiography, oxygen saturation, respiratory rate and fetal heart rate. At the end of the measurements we asked women to rate their comfort levels on a 10-point scale in each of the three positions, with one being not comfortable at all, and 10 being the most comfortable they could possibly be.
Clinically-relevant changes in physiological variables were defined as follows: a reduction of 20% from baseline in either systolic or diastolic blood pressure; an increase in maternal heart rate of 25% from baseline; a fall in oxygen saturation to < 95% or rise in respiratory rate to > 20/min;
and an increased incidence of fetal tachycardia HR > 160/ min or bradycardia < 100/min measured by Doppler velocimetry.
We analysed data using SPSS (IBM© SPSS© Statistics ml.min À1 [11] . For this study, we assumed a clinicallyrelevant difference in mean cardiac output of 750 ml.min , we needed to study 25 subjects to be able to reject the null hypothesis that this response difference is zero with probability (power) 0.9. The type-1 error probability associated with this test of this null hypothesis was 0.05. We recruited 30 women in order to account for the possibility of not being able to measure cardiac output in some women using transthoracic echocardiography. We determined intra-observer and inter-observer variability using Bland-Altman methodology. 
Results
Thirty women completed the study and all found the three positions acceptable. No woman experienced complications in any of the three positions. Table 1 shows the baseline characteristics of the women. All women were healthy and asymptomatic of cardiac disease. Table 2 There was strong evidence of a difference in mean systolic blood pressure, mean diastolic blood pressure and mean arterial pressure between the three groups; however, these were only between the left lateral and ramped with wedge and ramped alone positions, and were very small mean differences with increases in the ramped positions, unlikely to be clinically significant. There was no evidence of differences in these variables between the ramped with wedge and ramped alone positions (Table 3) .
There was strong evidence of changes in mean maternal heart rate between the three positions; however, like the blood pressure changes, these were only between the left lateral position and the ramped positions, and were unlikely to be clinically significant. There was no evidence of mean differences in oxygen saturation, respiratory rate or fetal heart rate in the three positions (Table 3) .
There was strong evidence of a difference in median comfort scores in the three positions (p = 0.001). 
Discussion
This is the first study to investigate haemodynamics using transthoracic echocardiography in term pregnant women in the ramped position with and without a right lateral wedge.
We found no evidence of a change in maternal cardiac output between the left lateral decubitus position and the ramped positions with or without a wedge. There were no significant changes in maternal physiological variables, namely: systolic blood pressure; diastolic blood pressure; mean arterial pressure; maternal heart rate; oxygen saturation; or respiratory rate, between the ramped positions with or without a wedge. There were no changes in fetal heart rate between the ramped positions with or without a wedge. Our data suggest that the ramped position without a wedge (i.e. without left lateral tilt) is safe Left lateral tilt has been shown in a previous study to provide a 5% increase in cardiac output at an angle of > 15°compared with supine [13] . In a proportion of pregnant women, cardiac output was shown to decrease by more than 20%, when they were tilted to less than 15.
Despite these changes in cardiac output, no changes were seen in systolic pressure and no woman experienced supine hypotensive syndrome. This suggests that cardiac output measurement is a more sensitive marker for aortocaval compression than expression of symptoms or changes in physiological variables due to sympathetic compensation in healthy pregnant women. In our study, there were no changes in cardiac output between the three positions, suggesting that the ramped position maintains cardiac output and minimises aortocaval compression.
Despite the increasing use and perceived benefits of the ramped position for caesarean section, the literature regarding the benefit of a left lateral pelvic tilt in addition to this position is sparse, and left lateral displacement of the uterus is routinely used. A previous small observational study using magnetic resonance imaging in six patients found little evidence of improvements in aortocaval compression in a 15°head elevated position pelvic tilt position [14] . However, there are no large studies looking at whether the addition of left lateral pelvic tilt to the head up position provides a haemodynamic benefit.
Baseline cardiac measurements in this group of women support data from previous studies that show a reduction in both systolic and diastolic function in some asymptomatic term pregnant women. The significance of this requires further investigation, as it is unclear whether or not these women have longer term increased risks of cardiovascular disease. Despite its advantages in enabling rapid diagnosis of symptoms of heart failure and shortness of breath in pregnant women, and being recommended for use in pregnant women, echocardiography is still not commonly utilised in pregnancy [15, 16] . Baseline term pregnant data from this study will, however, add to the reference data in this area. 
